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ECONOMICS AND MARKETING

Irrigation Termination of Cotton:
An Economic Analysis of Yield, Quality, and Market Factors

Russell Tronstad *, Jeffrey C. Silvertooth, and Steve Husman

ABSTRACT

The decision to terminate the irrigation of cot-
ton (Gossypium hirsutum L.) is complicated by
interactions and uncertainties related to lint yield
and quality, water costs, and market factors.
High, medium, and low values for the cost of
water, lint price, and quality discount/premium
schedule for High Volume Instrument (HVI)
quality factors were applied to lint yield and qual-
ity differentials realized from irrigation termi-
nation experiments conducted in central Arizona
for the crop years of 1991 and 1992, 1994 through
1997, and 2000. Deviations in lint yield and qual-
ity for the first irrigation termination treatment
versus the subsequent second and third irriga-
tion termination treatments are the agronomic
basis of this study. Irrigation termination dates
were defined by heat units after planting (31/12.8°
C or 86/55° F) to place the crop progression of
different experimental sites and years on a more
equal basis than using calendar dates. Classifi-
cation and regression tree analysis was used to
quantify the data. The relative ranking of results
from this procedure in which the most important
variable is normalized on 100 were as follows:
cultivar (100), additional heat units after the first
irrigation termination treatment (94), yield of
first irrigation termination treatment trial (93),
year of the field experiment or crop year (83),
micronaire associated with the first irrigation
termination treatment (68), heat units after plant-
ing for the first irrigation termination treatment
(67), lint price (5), water cost (2), and the quality
discount/premium year (0.09). In general, the sea-
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son needs to be extended at least 330 to 360 heat
units Centigrade (600 to 650 heat units Fahren-
heit) to yield a profitable return for cultivars with
potential to produce a top-crop. Also, a crop that
has a yield less than 1533 kg ha! (1368 Ib ac™!) at
the first irrigation termination treatment is more
likely to have the potential for producing a prof-
itable top-crop than a crop that has already set a
fruit boll load greater than this level.

profit function for the producer of an
agricultural commodity iscommonly derived
assuming that thelevel of factor inputs applied does
not impact the output pricereceived (e.g., Bontems
and Thomas, 2000; Cochran et al., 2001; Dai et
al., 1993; Debertin, 1986; Isik et al., 2001; Larson
et a., 2001; Moffitt et al., 1984; and Kumbhakar,
2001). While this assumption may be reasonable
for commodities like feed grains, this framework
has serious limitations for analyzing the irrigation
termination decision for cotton (Gossypium
hirsutum L.). Cotton is priced according to fiber
length, strength, micronaire, uniformity, trash, and
color as measured by High Volume Instrument
(HVI). Micronaire or fiber diameter, which isalso
related to fiber maturity, is of particular interest in
the decision to terminate irrigation. That is,
extending the season to produce a “top-crop”
through a second fruiting cycle has the potential
to lower the overall micronaire average of a plant
since these top bolls will be relatively fine or low
in micronaire compared with the more mature
bottom bolls. Extending the season can also
exacerbate the problem of high micronaire if a
significant reduction in fruit retention occurs late
in the season. It isreasoned that unless plants gain
asignificant boll load, carbohydrateswill be loaded
into existing bollsand increase the micronairelevel
of the crop. Prior irrigation termination studies
(Moffitt et al., 1984; Silvertooth et al., 2001, and
Unruh and Silvertooth, 1997) have not accounted
for lint quality effectsin analyzing the profitability
of the irrigation termination decision for cotton.
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Average micronaire of cotton has been increas-
ing for the U.S. Cotton Belt over the last 25 years
(Figure 1). From 1975 to 2000, the trend has been
for average micronaire to increase by 0.0092 and
0.0113 each year for the United States and Arizona,
respectively. Since breeders and producers continue
to select for higher yields, it is not surprising that
micronaire has increased, because one way to ob-
tain higher yieldsis to produce afiber with a struc-
turaly thicker cell wall that weighs more. Because
high day and night temperatures combined with
abundant sunlight and ample soil moisture are con-
ducive for producing high micronaire cotton, Ari-
zona has a higher overall micronaire level than the
rest of the USA (Figure 1).

The upward trend in micronaire has caused a
sharp increase in the amount of cotton classed inthe

Figure 1. Average micronaire and trend for the U.S. and
Arizona, 1975-2000. Source: AM S/USDA Classing Offices
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high micronaire discount range for regionslikeAri-
zona. The Phoenix classing office classified 38.6%
of the 1999 crop for Arizonawith amicronaire read-
ing of 5.0 or greater that was discounted dueto high
micronaire (Figure 2). In 1991, about half of this
cotton or 19.4% of Arizona's crop was discounted
for having undesirably high micronaire readings.
Given that high temperature and arid production re-
gimes generally coincide with irrigated production,
high micronaireislikely to be anissuefor other irri-
gated cotton regionsaround theworld. It isestimated
by the International Cotton Advisory Committee
(2001) that 55% of world cotton production comes
fromirrigated land and even some of the rest relies
on partia irrigation.

Table 1 describes the discount/premium sched-
ule that has been received for different micronaire

Figure 2. Micronaire distribution for the 1999 cotton crop
from selected U.S. classing offices. Source: AMS/USDA
Classing Offices
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Table 1. Prices and the accompanying micronaire discount/premium schedule, 1990-2001

Discount/premium for micronaireranges (¢/kg)

vear 31-3/35° <24 2526 2729 3032 3334 3536 3742 4349 5052 >5.3
1990 167.6 -46.3 -30.9 -17.6 -1.7 0.0 0.0 0.0 -2.2 -3.3
1991 124.8 -37.5 -30.9 -22.1 -9.9 -4.4 0.0 0.6 0.0 -2.2 -4.4
1992 1131 -35.3 -28.7 -24.3 -11.0 -5.5 0.0 0.6 0.0 -4.4 -6.6
1993 122.8 -30.9 -24.3 -19.8 -8.8 -3.3 0.0 0.6 0.0 -1.7 -9.9
1994 165.4 -30.9 -24.3 -19.8 -8.8 -3.3 0.0 0.6 0.0 -3.3 -5.0
1995 188.2 -30.9 -24.3 -19.8 -8.8 -3.3 0.0 0.6 0.0 -1.7 -11.0
1996 159.5 -35.3 -30.9 -27.6 -154 -3.3 0.0 0.6 0.0 -1.7 -15.4
1997 153.2 -35.3 -30.9 -27.6 -15.4 -3.3 0.0 0.6 0.0 -4.4 -8.8
1998 1411 -35.3 -30.9 -27.6 -154 -3.3 0.0 0.6 0.0 -4.4 -8.8
1999 104.8 -35.3 -30.9 -27.6 -15.4 -3.3 0.0 0.6 0.0 -17.6 -22.1
2000 128.0 -35.3 -30.9 -27.6 -154 -3.3 0.0 0.6 0.0 -154 -19.8
2001 77.6 -26.5 -22.1 -17.6 -6.6 -3.3 0.0 0.6 0.0 -6.6 -11.0

Z Desert Southwest pricesfor the last week in November for 31-3/35 cotton in uncompressed bales (source: AM S/USDA).
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readings in the last week of November from 1990
to 2001. Micronaire readings of 5.0 to 5.2 received
just a2 to 8¢ kgt (1 to 3.5¢ Ibt) discount prior to
1999. Since then, the discount associated with 5.0
to 5.2 micronaire hasincreased to 18¢ kg (8¢ 1bY).
This discount reduces the net market price received
by a grower by 10 to 15%. Micronaire readings of
5.3 or greater accounted for 11.6% of Arizona scrop
in 1999. The 22¢ kgt (10¢ Ib %) discount associated
with this high level of micronaire in 1999 reduced
the net pricereceived by almost 20% compared with
the more desirable micronairereadingsinthe 3.5to
4.9 range. Some cotton marketing professionals be-
lieve that high micronaire has cost Arizona produc-
ers $20 to $25 million per year in recent years
(Silvertooth et al., 2001).

Changesin lint quality from extending the sea-
son can have adramatic impact on profit since both
the “base yield” and any additional yield are af-
fected. For example, if the initial yield is 1345 kg
ha' (1200 Ib act) and 23 kg (50 Ib) of additional
lint are obtained from extending the season, a 9¢
kgt (4¢ Ibt) quality enhancement would increase
revenues by $124 ha* ($50 act). Thisis more than
doublethe $62 ha! ($25 act) that would bereceived
from the extra 23 kg (50 Ib) of lint from extending
the season, assuming a base price near the loan rate
at 110¢ kgt (50¢ Ib1). The primary objective of this
paper is to identify both agronomic and economic
combinations that are profitable or not conducive
to extending the season for cotton, considering both
yield and quality components.

MATERIALSAND METHODS

I rrigation termination studies conducted in cen-
tral Arizonafor the seven years of 1991 and 1992,
1994 to 1997, and 2000 are the basisfor thisanaly-
sis. To quantify the progression of each crop among
different yearson arelatively equal basis, heat units
after planting (31/12.8° C or 86/55° F) accumu-
lated by the irrigation termination dates of each
study were obtained from the nearest University
of Arizona Meteorological weather station. A to-
tal of 198 irrigation termination experiments were
available with lint quality measures that included
at least micronaire. These 198 observations com-
prise 67 experiments that are used to determine
the first or baseline irrigation termination treat-
ment. Another 67 experiments consist of the sec-
ond irrigation termination treatment, while 64 ex-
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periments had a third irrigation termination treat-
ment. The deviationsin lint yield, quality, and pro-
duction costs for the second and third termination
treatments compared with first termination treat-
ment are the basis for this analysis.

In evaluating the timing of irrigation termina-
tion and ceasing other crop inputs, both agronomic
and economic factors need to be considered. Crop
maturity, cultivar, existing boll load, and micronaire
readings of base cotton bolls can provide signals on
the potential for additional yield and for changesin
micronaire associated with extending the season.
Genetics, environment, and management al influ-
encefiber propertieslike micronaire. Economic fac-
tors such as the price of lint, micronaire discount/
premium schedule, harvest and interest costs, plus
the cost of crop inputslike water, insecticides, fertil-
izer, and labor will also impact the profitability of
extending the season.

The onset of cutout occurs when the number of
nodes abovethe uppermogt, first-position, fresh white
flower equal five (Bourland et al., 2001). The first
irrigation termination date was predicated on having
sufficient moisture to carry these final blooms to
compl etefiber length development or full-sized hard
green bolls. Therefore, factors like evapotranspira-
tion, water holding capacity of the soil, and the
amount of water applied at each irrigation aso in-
fluenced thefirst irrigation termination date. Thefirst
irrigation termination date for field experiments in
2000 was identified using final blooms tagged when
the number of nodes above the uppermost, first-po-
sition, fresh white flower equaled five or six rather
than five. This dlightly earlier termination date or
essentially dropping anirrigation from the other pro-
tocol was made to explore whether returnswould be
robust with potentially lower micronairereadingsand
lower water costs in spite of fewer bolls harvested.

To help quantify the impact of key economic
factors associated with base lint price, discount/pre-
mium schedule for micronaire, and cost of water,
the profitability of each experiment was determined
assuming a low, medium, and high value scenario
for each of these components. That is, the profitabil-
ity of extending the season on each of the 131 ex-
periments was solved for using the following pos-
sible combinations: 1) a base lint price of 110, 132,
and 154¢ kg* (50, 60, and 70¢ 1bt), 2) a discount/
premium schedulefor micronaireand lint quality that
existed in November of 1994, 1996, or 1999, and 3)
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awater cost of either $81, $284, or $487 per hect-
are-meter ($10, $35, or $60 per acre-foot). Apply-
ing these 27 different possible price and cost com-
binationsto the 131 termination experimentsresulted
in 3537 possible return combinations that were uti-
lized in the data analysis.

Other assumptions used to calculate the return
for each possible combination were as follows: har-
vest and ginning costs occur at 22¢ kgt (10¢ 1bY),
cottonseed equals 175% of lint weight (turnout of
36.36%) and is valued at 14.3¢ kg (6.5¢ Ib?), an
irrigation requires 0.74 h ha' (0.3 h ac!) of labor
and this labor costs $5.75 hl, the opportunity cost
of foregone revenuesfrom extending the season were
charged at 10%/365 day™* (conversion of annual 10%
interest rate to adaily interest rate) for the days be-
tween harvest of thefirst irrigation termination treat-
ment and the extended treatment, and insecticide,
fertilizer, defoliation, and any other remaining costs
were added at $0.75 day*. This value of $0.75 day*
is on the low end of that actually experienced for
most of the crop years considered, to reflect the re-
cent widespread adoption of Bollgard or Bacillus
thuringiensis Berliner var. kurstaki (Bt) cotton and
the accompanying reduced insecticide spray require-
ments for pink bollworm [Pectinophora gossypiella
(Saunders)] late in the season (Agnew and Baker,
2001; Ellsworth and Jones, 2001). In addition, acre-
age currently not planted with Bollgard is primarily
where the threat of pests controlled by Bollgard is
perceived to be low, so it would be inappropriate to
apply a high insecticide cost to non-Bollgard culti-
vars. Irrespective, returns presented in this analysis
could be adjusted to provide insights on irrigation
termination decisions where costs differ from the
values utilized.

Profitable agronomic and economic combina-
tions for extending the season were identified using
the non-parametric procedure of classification and
regression trees. Thisisacomputationally intensive
statistical algorithm that was al so used to determine
therelativeimportance of factorsfor influencing the
profitability of extending the season. Independent
variables used to explain the return of extending the
season were asfollows: 14 cultivars, heat units after
planting for thefirst irrigation termination date, heat
units accumulated after the first irrigation termina-
tion treatment, year of the field experiment or crop
year, yield and micronaire of first irrigation termi-
nation treatment experiments, base lint price, price
year for quality discounts/premiums (last week in

November for 1994, 1996, or 1999), and water cost.

To better understand the classification and re-
gression treeagorithm, envision ajar full of marbles
where each marble is identified with a return from
irrigation termination. Each marble or returnis also
labeled with the value of each independent variable.
The first question the classification and regression
treealgorithm addressesiswhat variable and accom-
panying magnitude can be used to divide the marbles
into two jars so that the returns in each jar are as
close to one another as possible. For this analysis,
closeness refers to the total sum of squared errors
for al marblesand the predictor valuefor eachjar is
simply the average of al marblesin the jar. Subse-
quent divisionsoccur until all returnsare placed into
terminal categories or nodes of the same value or
less than a minimum number of observations (five
for our analysis). Although a variable may not give
the best split for a node, it may give the second or
third best split. This concept of surrogate splits is
used by classification and regression tree analysis
to determinethere ativeimportance of different vari-
ables. A surrogate split is essentially how well each
variable predicts the action of the best linear split.
The classification and regression tree algorithm
keeps track of the performance of each variable for
al splitsand normalizesall variables so that the most
important variable has aranking of 100. This proce-
dure was used to quantify the relative importance of
agronomic and economic factors for the irrigation
termination decision.

A treewith one nodefor every observation would
have no nodeimpurity but would likely produce spu-
riousresultsfrom atest sample, whereasavery small
sized treewould inadequately represent the relation-
ships embodied in the data. The accuracy or “stan-
dard error” associated with trees of different sizes
was determined using the v-fold (v equal to 10 for
our results) cross-validation procedure. The cross-
validation procedure has been referred to as the
“leave-one-out” estimate. First, the entire data are
randomly divided into v different subsets, L4, ...,Lv,
that are equal or nearly equal in size. A classifica-
tion tree with a specified number of terminal nodes
is computed V times, each time leaving out one of
the Ly subsamples to serve as a test sample.
Misclassification costs for each L, test sample are
then averaged over each of the different sized trees
to determine their respective cross-validation error.

As described by Sorensen et al. (2000), advan-
tages associated with classification and regression
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tree analysis include, 1) intuition provided by the
hierarchy of the estimated binary tree, 2) account-
ing for non-linearitiesin the data, and 3) accounting
for dependencies among variables. Advantages to
classification and regression tree analysis over group-
ing methods like cluster analysis arethat it does not
need any data normalization or recoding/elimina-
tion of extreme valuesthat isoften required for clus-
ter analysis (Cunningham and Maloney, 2001) and
it providesardativeimportanceranking for all vari-
ables. Additional information regarding the proce-
duresand properties of estimates obtained from clas-
sification and regression tree analysis are discussed
inBreiman et al. (1984), Efron and Tibshirani (1991),
Horowitz and Carson (1991), Lim et a. (1997), and
Tronstad (1995).

RESULTS

Agronomic indicators for extending the season
profitably are cultivar, heat units accumulated during
the extended season, yield, micronaire, and heat units
after planting associated with the first irrigation ter-
mination date. Applying the classification and regres-
sion tree algorithm to the 3537 possible combinations
of return revealed that agronomic factors are better
signals for predicting the profitability of extending
the season than the economic factorsof lint price, HVI
quality discount/premium schedule, and water cost.
The relative ranking criteria of the classification and
regression tree analysiswas cultivar (100), additional
heat units after the first irrigation termination treat-
ment (94), yield of thefirgt irrigation termination treat-
ment (93), year of the field experiment or crop year
(83), micronaire associated with the first irrigation
termination treatment (68), heat units after planting
for thefirst irrigation termination treatment (67), lint
price (5), water cost (2), and the quality discount/pre-
mium year (0.09). Cultivar influences both the yield
potential for atop-crop and the propensity of the ge-
netics of the crop for producing high micronaire cot-
ton. Both base yield and micronaire associated with
the first irrigation termination date provide signals
on the potential of the crop to produce a significant
top-crop and to increase micronaire without moving
into the discount range. The heat units after planting
for thefirst irrigation termination treatment provide a
signal of the developmental stage of the crop in rela-
tion to its fruiting cycle.

While economic factors of lint price and water
cost influence profitability, their impact is relatively
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small compared to agronomic factors. For example,
extending the season from the first to second termi-
nation date or anywhere from 137 to 467 heat units
Centigrade (247 to 840 heat units Fahrenheit) resulted
inayield change that ranged anywhere from -384 to
1120 kg ha (-343 t0 999 Ib ac'!) and averaged 192
kg ha (171 Ib ac't) (Figure 3). Extending the season
for studies with three termination dates or anywhere
from 266 to 796 heat units Centigrade (478 to 1432
heat units Fahrenheit) also resulted in significant yield
variation. Yield changes for these experiments aver-
aged 387 kg ha! (345 Ib act) and ranged from -282
to 1153 kg ha' (-252t0 1029 Ib act). Given therange
in yields associated with these experiments, it is not
surprising that lint price is areatively small compo-
nent. That is, the maximum rangein lint priceisonly
44¢ kgt (20¢ 1bY) or 33% of the value of its average,
whereas yield changes range from -384 to 1153 kg
ha' (-343t0 1029 Ib ac't) or by 536% of the average
yield change associated with al field plots. Given
that the additional water applied ranged from 0.094
t0 0.610 metersha? (0.31 to 2.0 feet ac!) and water
costs varied from $81.10 to $486.62 per hectare-
meter ($10 to $60 per acre-foot), the range in cost
associated with water and irrigation labor was any-
wherefrom $11.93 to $313.57 ha* ($4.83 to $126.90
ac). Whilethis range of $301.65 ha! ($122.07 act)
is quite large, it is relatively small compared with
the $1695.11 ($686.00) range in lint revenues real -
ized from different yield changes with only 110¢
kgt (50¢ IbY) lint prices.

Figure 3. Changein lint yield (kg ha') from extending the
season beyond thefirst irrigation termination treatment,
31/12.8° Centigrade heat units.
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The market discount/premium associated with
lint quality was aso relatively small compared to
agronomic factors for explaining profitability. Fig-
ure 4 illustrates the change in micronaire realized
for the experiments from their respective first irri-
gation termination treatment levels. Because some
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experiments were replications where each plot was
weighed separately in trailers, but combined into a
module from which sub-samples were taken to de-
termine lint quality, the number of individual data
pointsis less for quality than quantity. An increase
in micronaire is not necessarily an issue until it ex-
ceedsathreshold value (Table 1). Being ableto pre-
dict whether a crop will exceed a specified
micronaire level appears to be more important for
explaining profitability than knowing whether the
discount associated with high micronaireisrelatively
low or high (i.e., 1994 versus 1999 prices).

Figure 4. Change in micronaire from extending the season
beyond thefirst irrigation termination treatment, 31/12.8°
Centigrade heat units.
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Future ginning technology will likely place more
importance on fiber uniformity than current ginning
technology and the imputed range in premium/dis-
count schedules reported by the Agricultural Mar-
keting Service. The price premium/discount range
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for uniformity is generally lessthan 2¢ kg, but the
premium/discount for high micronaire can reach 22¢
kg?! (Table 1). Even though uniformity will most
likely become a more important quality-price com-
ponent in the future, it was not a noticeable factor
for the production and price data utilized. Unifor-
mity remained rather constant within the 78%to 82%
rangeirrespective of theirrigation termination treat-
ment and in some cases uniformity actually improved
with a later irrigation termination date. Uniformity
premiums/discounts were applied to experiments
with uniformity datausing the Nov. 1994, 1996, and
1999 price schedules of the Agricultural Marketing
Service.

A classification and regression predictor or de-
cision tree was generated that summarizes the prof-
itability of extending the season for all 3537 combi-
nations of experimental plots, base lint prices, cost
of water, and price discount/premium year sched-
ules (Figure 5). This tree was pruned using a stan-
dard error rule of 30 to highlight only the most im-
portant variables and their respectivelevels. A lower
standard error pruning rulewould still yield the same
“base tree” described in Figure 5, but would have
additional binary splits below those presented. To
interpret the binary tree, consider a situation with
Deltapine 33B in which yield associated with the
first irrigation termination treatment is estimated at
1400 to 1450 kg ha' (1250 to 1300 Ib ac?), and
samples from the first irrigation termination treat-
ment indicate that micronairewill beabout 5.0.Yield

Figure5. Irrigation termination guidelines generated by the classification and regression tree analysis.

IT-1 Yield
<1533 (kgs/ha) > 1533
< 1368 (Ibs/ac) > 1368

I

Crop Year
IT-1 Micronaire
95, 96 91,92,94
97,00 <517 >517
T
I 1 [ 1
IT-1Yield IT-1 Yield Heat Units after IT-1
1045 (kgs/ha) > 1045 <1748 (kgs/ha) > 1748 <333(C) >333
933 (Ibs/ac) > 933 < 1561 (Ibs/ac) > 1561 <600 (F) > 600
T
— : 1 o I
Variety IT-1 Yield
!1;105'“'“0”:'?:5 .23 457,89 <1710 (kgs/ha) > 1710
B s 6,10, 12 11,13, 14 <1526 (lbs/ac) > 1526
L [ L 1
Heat Units after IT-1 Variety
10 Va"el?ét 10 <569 (C) > 569 2,45 1,378,
<1025 (F) > 1025 6,9,13 10,11,12,14
Heat Units after IT-1 | | Heat Units after IT-1 IT-1 Yield IT-1 Yield Heat Units after IT-1
<569 (C) > 569 <358 (C) > 358 <1174 (kgs/ha) > 1174 <1473 (kgs/ha) > 1473 <597 (C) > 597
<1025 (F) > 1025 < 644 (F) > 644 < 1048 (Ibs/ac) > 1048 <1315 (Ibs/ac) > 1315 <1074 (F) > 1074
T T T T
L 1 [
IT-1 Yield Variety
<1216 (kgs/ha) > 1216 12,356 47,8,
< 1086 (Ibs/ac) > 1086 10,11,12  9,13,14

$/ha (ac) | [ $/ha (ac) | | $/ha (ac) | | $/ha (ac) | | $/ha (ac)| | $/ha (ac) | [ $/ha (ac)| | $/ha (ac) | | $/ha (ac)| | $/ha (ac) $/ha (ac) | | $/ha (ac)| | $/ha (ac)| | $/ha (ac) | [ $/ha (ac)| | $/ha (ac) | | $/ha (ac) | | $/ha (ac) | | $/ha (ac) | | $/ha (ac)
-124.62 874.59 283.15 -280.36 130.35 169.51 3565.92 639.30 -122.39 346.26 535.42 832.78 9.24 -351.43 -107.61 -7.69 45.34 -396.99 -113.15 405.52
(-50.44) | | (353.94) || (114.59) | | (-113.46) || (52.75) | | (68.60) || (144.04) || (258.72) | | (-49.53) | | (140.13) (216.68) [ | (337.02) || (3.74) || (-142.22)|| (-4355) || (-3.11) || (18.35) || (-160.66)|| (-45.79) || (164.12)

3 = Deltapine 33 B
8 = Deltapine 20 B

Variety Legend: 1 = Deltapine 90
6 = Stoneville BXN 47

11 = Deltapine 428 B

2 = Deltapine 5415
7 = Stoneville 491 B
12 = Deltapine 388

Abbreviations:

13 = Sure-Grow 125 BR

4 = Sure-Grow 747
9 = Deltapine 422 BR
14 = Deltapine 655 BR

5 = Deltapine 451 BR
10 = Stoneville 474

IT-1 indicates the first irrigation termination treatment. C and F indicate Centigrade (31/12.8°) and Fahrenheit (86/55°) heat units.



JOURNAL OF COTTON SCIENCE, Volume 7, Issue 3, 2003

is less than 1533 kg ha! (1362 Ib ac?), so pro-
ceed left down the decision tree. If the crop year
is similar to 1995 or 1996 the decision tree cat-
egorizes the return from extending the season at -
$124.62 ha (-$50.43 ac't). Thisvaluerepresentsthe
average of al returns that fall into this category. If
the crop year is comparable to 5 out of the 7 years
considered, move right below the crop year node,
proceed right at the yield node of 1045 kg ha' (933
Ib ac't), and then left and right at the subsequent
cultivar nodes. If the season is extended less than
358 heat units Centigrade (644 heat units Fahren-
heit) after the first irrigation termination treatment,
an expected return of $169.51 ha! ($68.60 ac?) is
realized. Extending the season beyond this level of
heat units results in more than twice the level of re-
turn at $355.92 ha'' ($144.04 ac't). On average, 358
heat units Centigrade (644 heat units Fahrenheit)
equaled 24 days for all the experiments considered.

Excluding observations for 2000, average heat
units after planting for the first irrigation termina-
tion datewere 1821 heat units Centigrade (3278 heat
units Fahrenheit) or roughly equal to the 1778 heat
units Centigrade (3200 heat units Fahrenheit) after
planting recommended by University of Arizona
Cooperative Extension for the optimal timing for
irrigation termination of a mid-season cultivar. The
range in heat units after planting for al first irriga-
tiontermination treatment plotsisfrom 1281 t0 1941
heat units Centigrade (2305 to 3494 heat units Fahr-
enheit), and averages 1591 heat units Centigrade
(2863 heat units Fahrenheit). The somewhat earlier
first irrigation termination treatment for 2000 oc-
curred at 1423 heat units Centigrade (2561 heat units
Fahrenheit), within the range of prior years. Because
the 2000 crop year did not rise to the forefront as a
significant item for categorizing the data, returns
appear to befairly robustinidentifying final blooms
when the number of nodes above the uppermost,
first-position, white flower equa five, or fiveto six.
That is, being afew days early in the timing of the
first irrigation termination date is not as crucia as
correctly quantifying theyield and micronaire asso-
ciated with the crop when the tagged final blooms
turn to full-sized hard green balls.

In general, resultsindicate that the season needs
to be extended at least 330 to 360 heat units Centi-
grade (600 to 650 heat units Fahrenheit) or 22 to 24
days for this data if one is going to pursue a top-
crop. Extending the season one or two weeks is not
likely to produce beneficial returns. Thisresult also
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coincides with the work by Brown and Silvertooth
(1994) that 333 heat units Centigrade (600 heat units
Fahrenheit) are needed to mature afresh flower to a
hard green boll for full fiber development. A crop
with a relatively modest yield associated with the
first irrigation termination treatment (i.e., less than
1533 kg ha' or 1,368 |b act) is also more likely to
havethe potential for producing aprofitabletop-crop
than acrop that has already set ahigh fruit boll load.

The results indicate that cultivar differences
also play arolein conjunction with thefirst irriga-
tion termination treatment yield and micronairefor
influencing the profitability of extending the sea-
son. If acrop aready has an estimated yield asso-
ciated with thefirst irrigation termination treatment
greater than 1533 kg ha! (1368 Ib ac'') and
micronaireisjust below the threshold of the steep-
est micronaire discount of 5.2, extending the sea-
sonisnot likely to be profitable. But if micronaire
associated with the first irrigation termination treat-
ment has already entered the stegpest discount range
and itsyield is above 1533 kg ha! (1368 Ib act),
extending the season more than 333 heat units Cen-
tigrade (600 heat units Fahrenheit) is generally
profitable. There is no risk of further discounting
the price received for yield established for the first
irrigation termination treatment through a higher
micronaire reading, whilethereisapossibility that
average micronaire can be lowered through pro-
ducing immature top-crop fibers.

CONCLUSIONS

The return associated with different irrigation
termination protocols was analyzed in a heat unit
framework considering both fiber quality and lint
yield factors. Deviationsin lint yield and quality for
first irrigation termination trials in central Arizona
were compared with subsequent second and third
irrigation termination trestments. In general, results
indicated that agronomic factorsrelating to cultivar,
additional heat units, and yield associated with first
irrigation termination treatments were more impor-
tant signalsthan economic factors of water cost, base
lint price, and quality discount/premium year. In
addition, crop year was near the top of importance
for determining whether extending the season was
profitable or not, suggesting that there is a signifi-
cant weather risk in going for atop-crop.

Whileinsecticide costswere expensed rel atively
low compared to historical values to reflect the re-
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cent widespread adoption of Bt cotton, non-Bt cot-
tonisstill being grown and this could possibly ater
some of the marginally profitable scenarios for ex-
tending the season into aloss. Adjustments could be
made to the returns presented for extending the sea-
son if costs differ for aregion or producer from the
values utilized in this analysis to provide insights
into going for atop-crop. Furthermore, while water
costswerethe only input cost that varied inthe analy-
sis, it was found to have a relatively minor impact
on the irrigation termination decision.

Yield and micronaire of acrop at thefirstirriga-
tion termination treatment date are not known with
certainty as analyzed, but must be estimated from
boll counts and micronaire readings of lower bolls.
Because many inputs have already been committed
to the crop prior to the first irrigation termination
date, economic factors are relatively small in rela-
tionto theyield and quality changes associated with
extending the season. Thus, this research suggests
that crop scouting and devel oping better techniques
for predicting micronaire and yield of the first irri-
gation termination treatment is more important for
identifying the most profitable irrigation termina-
tion date than scouting the latest market report.
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